Objectives: To determine the antibiotic susceptibility patterns of 60 strains of Laribacter hongkongensis isolated from humans and fish to eight antibiotics and compare the results obtained from broth microdilution, Etest and disc diffusion susceptibility testing.
Introduction
Laribacter hongkongensis is a newly discovered Gram-negative, seagull-shaped, motile bacillus that belongs to the Neisseriaceae family of b-proteobacteria. 1 After its first isolation from the blood and empyema thoracis of a patient with alcoholic liver cirrhosis, the bacterium was subsequently found to be associated with community-acquired gastroenteritis. of travel and consumption of fish were risk factors for L. hongkongensis-associated gastroenteritis. 2 The bacterium has also been isolated in the intestines of freshwater fish and environments that may be the source of human infection. 3, 4 L. hongkongensis is generally resistant to b-lactams, including broad-spectrum penicillins and cephalosporins, due to the presence of a chromosomal class C b-lactamase gene. 5 We have also recently described the presence of the tet(A) gene in L. hongkongensis isolates resistant to tetracycline. 6 However, previous susceptibility data were only based on a small number of human isolates. Moreover, no studies have been performed on the different susceptibility testing methods for L. hongkongensis. Although most patients with L. hongkongensis-associated gastroenteritis recover without antibiotic treatment, antibiotics may be necessary in immunocompromised adults and children. As a result of its general b-lactam resistance, cephalosporins, which are sometimes used to treat bacterial gastroenteritis, are not useful. In this study, the antibiotic susceptibility patterns of 60 strains of L. hongkongensis isolated from humans and fish towards eight antibiotics were determined. The results obtained from broth microdilution, Etest and disc diffusion susceptibility testing procedures were compared.
Materials and methods

Bacterial strains and susceptibility testing methods
The study was conducted using 30 clinical isolates and 30 fish isolates of L. hongkongensis confirmed by biochemical tests and 16S rRNA gene sequencing. 2, 3 In vitro susceptibilities to eight antibiotics were determined using the CLSI M7-A7 broth microdilution method for susceptibility testing of bacteria that grow aerobically, 7 the Etest method and the CLSI approved standard M2-A9 for disc diffusion testing. 8 Microdilution broth testing was performed using cationadjusted Mueller-Hinton broth (Becton Dickinson, Cockeysville, USA). Etest (AB Biodisk, Solna, Sweden) and disc diffusion testing (Becton Dickinson, Franklin Lakes, NJ, USA) were performed using a single batch of Mueller-Hinton agar plates. Discs with the following concentrations were used: ampicillin, 10 mg; ampicillin/sulbactam, 10/10 mg; cefuroxime, 30 mg; ceftriaxone, 30 mg; imipenem, 10 mg; erythromycin, 15 mg; ciprofloxacin, 5 mg; and tetracycline, 30 mg.
Since no validated interpretative criteria are available for L. hongkongensis, the CLSI breakpoints given in the tentative standard for Enterobacteriaceae (except for erythromycin) and Staphylococcus spp. (for erythromycin) were used to determine susceptibilities for broth microdilution and Etest methods. 9 The CLSI agar disc diffusion zone diameters for susceptibilities were interpreted by using the CLSI tentative standard for Enterobacteriaceae (except for erythromycin) and Staphylococcus spp. (for erythromycin). 7 These breakpoints, instead of those for Neisseriaceae, were used because the growth characteristics of L. hongkongensis are more similar to Enterobacteriaceae (grows well on Mueller-Hinton agar plates at 378C in ambient air). Control strains Staphylococcus aureus ATCC 25923 and ATCC 29213, and Escherichia coli ATCC 25922 were included with each run of each method.
Percentage MIC agreement (within 2 log 2 dilutions) between broth microdilution and Etest was calculated. MICs determined by Etest that fell between the 2-fold dilutions of broth microdilution MICs were elevated to the next drug concentration so that they matched the 2-fold dilution scheme. The interpretative classifications by Etest and the disc diffusion method were compared with the broth microdilution method by percentage agreement and kappa index as described previously. 10 
Statistical analysis
Correlations between the MICs obtained with broth microdilution and Etest methods were determined using Pearson's correlation. Differences in prevalence of resistance between human and fish isolates were analysed by Fisher's exact test.
Results
Antibiotic susceptibilities
The MICs and zone diameters for L. hongkongensis isolates are summarized in Table 1 . All L. hongkongensis isolates were susceptible to imipenem (MIC 0.06 mg/L) by the broth microdilution method. All isolates were susceptible to ciprofloxacin by Etest and disc diffusion, although one was resistant by broth microdilution with an MIC of 2 mg/L. Most isolates, except five, were susceptible to tetracycline by all three methods. While most isolates were resistant to ampicillin, all isolates were susceptible to ampicillin/sulbactam by Etest and disc diffusion. As for the two tested cephalosporins, more isolates were resistant to ceftriaxone than to cefuroxime, consistent with the presence of AmpC b-lactamase. Erythromycin was the least active antibiotic, with all isolates resistant by broth microdilution and Etest, although an apparent increase in susceptibility was observed by disc diffusion.
The values for percentage agreement between the MICs by Etest and the MICs by broth microdilution are also shown in Table 1 . Over 90% agreement within 2 log 2 dilutions was found for imipenem, ciprofloxacin, erythromycin and tetracycline. The percentage agreement was lower for the other b-lactams. The MICs obtained with the two methods were in good correlation except for ampicillin/sulbactam (r¼ 0.005, P ¼ 0.969), the drug also with the lowest percentage agreement (60%). Table 2 shows a comparison of susceptibilities and kappa index obtained by Etest and disc diffusion, using broth microdilution as the reference method. The Etest and disc diffusion methods produced a similar level of percentage agreement with broth microdilution, except for erythromycin, where Etest yielded higher agreement. The highest percentage agreement between broth microdilution and the other two methods was observed for imipenem, ciprofloxacin and tetracycline (.95%). The good agreement for tetracycline was also supported by the kappa index of 1, indicating perfect agreement (Table 2) . Of the other four b-lactams, the highest agreement was observed with ampicillin/sulbactam. The concordance was moderate for cefuroxime and weak for ampicillin, as indicated by kappa values of .0.5 and ,0.2, respectively. The majority of the disagreement was due to isolates resistant by broth microdilution but susceptible by the other two methods. The lowest agreement was observed with susceptibility testing of erythromycin by disc diffusion (58.3%), as a result of the apparent increase in susceptibilities when compared with broth microdilution.
The percentages of human and fish isolates resistant to the eight antibiotics by the three methods were compared. A significantly higher proportion of human isolates than fish isolates were tetracycline-resistant by all three tests (P ¼0.022).
Discussion
The present study represents the first comprehensive antibiotic susceptibility study of L. hongkongensis. The present findings confirm our previous observations on the high activity of carbapenems against L. hongkongensis, and the reduced susceptibility to most other b-lactams, especially the cephalosporins. Most of the isolates were also susceptible to ampicillin/sulbactam and ciprofloxacin. Erythromycin was the least active drug in the present study. Occasional isolates resistant to tetracycline were also observed.
Both Etest and disc diffusion appeared to be reliable for the evaluation of susceptibilities of L. hongkongensis to imipenem, ciprofloxacin and tetracycline. However, the two methods may underestimate the resistance of L. hongkongensis to other b-lactams. Similar discrepancies between different susceptibility tests have been reported in other non-fermenting Gram-negative bacteria. For example, the b-lactam MICs for Pseudomonas aeruginosa obtained by broth microdilution have been found to be greater than those obtained by agar dilution and Etests. 11 This suggests that the growth medium used may significantly affect the expression of resistance phenotypes in some bacteria. It is therefore important to be aware of the methods used when interpreting susceptibility tests of L. hongkongensis performed by different laboratories. The disc diffusion method using the interpretative criteria for staphylococci appeared to underestimate erythromycin resistance of L. hongkongensis. In the present study, while all isolates were resistant to erythromycin by broth microdilution and Etest, 25 isolates were susceptible to erythromycin by disc diffusion. Similar to our findings, discrepancies in erythromycin susceptibility by different methods have also been described in Campylobacter fetus, with apparent increased susceptibility by disc diffusion compared with agar dilution. 12 For C. fetus, treatment failures or relapses have been reported with the use of erythromycin, even with strains shown to be susceptible. 12 This suggests that the disc diffusion method may be unreliable for predicting erythromycin resistance in some bacteria including L. hongkongensis, unless modification of interpretative breakpoints with good correlation to other methods can be made. However, it is beyond the scope of the present study to determine the correlation of the different tests with clinical outcomes.
The present study is in line with previous findings that tetracycline resistance is occasionally observed among isolates of L. hongkongensis. 6 The higher prevalence of tetracycline resistance among human isolates than fish isolates of L. hongkongensis may indicate that some clones are more commonly associated with human infections. This is in keeping with our previous findings that human isolates were clustered together on PFGE, which may represent more virulent clones. 3 Although none of the isolates was resistant to ciprofloxacin, one isolate was resistant by the broth microdilution method with an MIC of 2 mg/L. This isolate was also found to have an increased MIC of 1 mg/L by Etest and a reduced zone diameter of inhibition on disc diffusion plates. Since quinolones are also commonly used antibiotics both in industries and for the treatment of gastroenteritis, further studies are required to monitor the emergence of quinolone resistance in L. hongkongensis. 
